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HEALTH SCIENCES, PATHOtOGY 



ofnwlrix. IUstolosic«Uy,tlM«lafUciiMdi»l«dtirMMaiid»lwi9b^ 
flunmstory InlUlnte b prtftnl. Th* ftmral ftudy chmctailMf th« 
duagM Id mftlrbc proUin« uul 11m «lastisi d«frmdlng mslrix mvtal* 
WpmtclMMt MMP-I ana MMP-9 in AAA compsrad to ooii-dUsted, 
alh«xt»a«rolic occhifhrt distm tifsu* (AOD), and n ond b— td aorta. 

mtdiat« changes in matrix and MMP exprcssioiii representative ey- 
tokittce were asMiied to determine cytoUneoi^nMion patteraf in AOD 
and AAA. 

Tbeio was a circumfei«itial absolute incrsaso in elastin, collagen, 
and total protein in AAA compared to AOD and non-diseased aorta. 
These data demonstrato that matrlxsynthesisisongoingin AAA. How- 
ever, the rate of increase in circumforential elastin content was less 
than the rata of increase in total protein and collagen. This results 
in progresiive relative depletion of elastin with increasing AAA rise. 
Additionally. «lMtin may be lost via degradation by MMPa. MMP.2 
was increased in AAA compared to AOD at both the RMA and protein 
level. The activation state of MMP-S was also increased in ueurynnal 
tissue in tight association with the matrix, suggesting that AAA tissue 
has m greater aUUty to activate proMMP-3. As MMP-3 is a coUage- 
nase as weU as an elastase, it may pl^ a pivotal role in degradation 
and remodeUng in AAA. By EUSA, the pro-inflammatory cytokines 
IU6 and TNF-a were increased in AOD, whUe IL-10 expression was 
hi^er in AAA. These unique cytokine patterns may explain the differ^ 
encca in matrix and MMP expression between AOD and AAA tissue. 
These flndin^ suggest that rather than a simple degenerative proceu, 
aneurysm formation is a complex process of ssmthesis and degradation 
resulting in matrix remodeling and vessel wall growth. 

Meehnnlinu of tltrae degtrnctiozi in tnflammntofy eye 
dlseaB«s. DiGirolamo, Nick, Ph.D. Vmwrt&y 0f New SauA W<de»(Aiu- 
tnOia), 1998. 1pp. 

Inflammatory eye diseases (lEDs) such as necrotistng scleritls and 
anterior uveitis (AU), are right-threatening conditions of the anterior 
portion of the eye. The pathogenesis and mechanism(s) of disease pro- 
grenion of these conditions are not weU understood. Such diseases 
are characterised fay extensive infiltration of inflammatory cells and le- 
moddling of the extracellular matrix which forms the seaflbld of the 
eye. The matrix metalloproteinases (MMPs) are a class of proteolytic 
ensymes active against connective tissue proteins. These ensymes are 
constitutive^ expressed fay both resident and inflammatory cells, regu- 
lated by pro*inflammatory cytokines, and inhibited fay tissue inhibitors 
of MMPs (TIMPs). The nu^or aim of this study was to elucidate 
the potential role(s) of MMPs in lEDs and characterise their cellu- 
lar sources. The expresrion of MMPs and TD4P-1 and their cellular 
sources was examined on archival tissue from patients with sderitis 
by m sdu l^bridisation and immunohistochemistiy. Gelatinase B and 
stromehrsin-l mRNAs were localised to rerident human scleral flbrob- 
tasU (HSF), macrophages, T-lymphocytes, and plasma ceUs, whereas 
TIMP-1 mRNA was less abundant. In addition, the pro-inflammatory 
cytokine tumour necrosis factor^alpha (TNP-a) was found in abun- 
dance in plasma cells in sderitis tissue. Analysts of total RNA and 
conditioned media from cultured HSF and a plasma cdl line demon- 
strated increased expresrion of gdatinase B and stromdysin-l when 
compared with TIMP-1. Zymograplqr and immunoblotting of aque- 
ous humor (AH) samples derived from patients with AU, revealed 
that gdatinase B and stromebrrin-1 were ovcr>expressed in contrast to 
TIMP'l. 8imilarly,inciMttedlevelsofgdatinaseB were found in AH 
derived from rabbiU with endetoidn-ittdacad uvdtis (EIU). The results 
of this study provide strong M «^ and la eto evidence for the hy- 
pothesis tha an imbdance between eniyme/inhibitor ratio may be an 
underlying mechanism of tissue destruction characteristic of IBDs. The 
results also hi^iUgltt the importance of plasma cells in an inflammatory 
lesponse, not simply as antibody produeen, but as potent secretors of 
TNF-a and MMPs, which are both mediators of tissue destruction and 
remodelling. 

Mnsi CCDs and neutral protdnaM In rhennwioldi arthfl- 
Us. Gotis-Graham, Ian, Ph J>. CMcrrity SoiA Wde» (AwMS»), 
199r 1pp. 

The role of mast cdb in ffieumatoid arthritis (HA) remains un- 
certain. The aims of this thcsb were to deflne synovid mast cell re- 
spouses in early and advanced RA; to determine e^ether tryptase 



and stromdysin colocalisr, to examine fdr corrdations between chy- 
mase and a petentid inhibitor, thrombospondin 1 (T8P1). Double 
immimohistochsniical staining was used to distinguish mast ceQs as 
tryptase enhf (MCt)» tryptass/dqrmase (MCToJt or diymase only 
poritive (MCo)* The mean mast cell density was rigniflrantly increased 
in both early (40.S ceUs/mm^) and advanced RA (60.9 cells/mm'), 
compared to osteoarthritic (31.7 cdb/mm') or normd synovia (0.4 
cells/mm^). In early RA, MCr were pxedominaat, were found dose to 
Inflammatory edls and their denrity correlated with the i nfl a m mation 
index (r s 0.4, P < 0X}6). Longitudbid studies showed that mast cdl 
denrity and the predominant subset varied. In advanced RA,MCto ex- 
panded in areas of cellular connective tissue, especially in patients with 
more severe disease. MCo cells wars not identified. Using double im- 
munohistochemistry, tryptase and stromelysin often colocalised in aiw 
eas of intense inflammatory activity in RA synovium. The presence 
of stromdysin corrdated with the thickness of the lining layer (r ^ 
0.86, P < 0.05). Immunohistochemistry was used to localise TSPl in 
synovid tissue. TSPl, cspedaUy the TSP®*^ isoform, was highly up> 
regulated in RA conqsared to the other groups and corrdated with 
dastase and catheiain G postive cdls. Despite the structurd simi^ 
larities betwera cathepsin G and chymase, there was no correhrtion 
between TSPl and chymase expresrion. Tdun together, these results 
implicate the MCt subset in the active inflammatory process, and the 
MCto subset in the destructive or reparative process of RA. Longitu- 
dind studies confirmed the dynamic nature of the mast cell rei ponse. 
TVyptase may be important in activating stromelysin in areas of in- 
tense inflammatory activity. TSPl<*-\ with the most potent inhibitory 
activity m sdro, was spedflcally upregulated in RA. in proportion to 
the numbers of dastase/cathepsin G poritive leukocytes. One role of 
TSPl may be to act as a matrix-based regulator of these protrinases. 
These results provide new Information about the roles of mast cells, 
leukocyte proteineses, TSPl and stromdysin in rheumatoid synovitis. 

Moraxella 6ouif; eytoUndn and ceD detachment factor. Hal- 
enda,RuthMarrion,Ph.D. Vm9ertAgiifMi$$o«n'€kimiNa, 1998. TOpp. 
Supervisor. Lela K. Riley Ovder Number DA0901239 

Mcnxdia Aoris^ a gram-negative bacterium, is the causative agent of 
infectious bovine keratoconjunctivitis (IBK). This bacterium is uniiiue 
in its ability to Infect the bovine cornea in the presence of an intact 
epithelium. The purpose of this work was to identify virulence Cscton 
which may enable the organism to penetrate corned epithelium. 

A transformed corned epithdld ecU line was developed so that w^ 
would have a uniform population of cells with which to perform exper- 
iments. The cells were incubated with Maraidla hom culture filtrate, 
which was prepared fay growing bacteriain broth and filtering out whole 
organisms. Incubation with bacterid culture filtrate resulted in detach- 
ment of cells from the substrate. Lack of uptake with trypan blue dye 
indicated that cells were alhre, and the efi^^ of filtrate was reverrible. 
Characterisation of this acthrity, which we termed cell detachment fac- 
tor, indicates that It may be a protein with serine protease activity. 

The efet of live M. bom$ ocganisms on cultured corned epithelid 
cells was studied, and the bacteria were found to be cytotoxic. Hie 
expresrion of cytotoodn, CDF, and two other previously described viru- 
lence factors, hemolysin and leukoddin, were examined in a number of 
strains of K bom, Cytotoxin, hemolysin and leukod£n were produced 
only by pathogeniestrains,whUe CDF was producedfay distrains. Di^ 
ferent mechanisms of action of cytotoxin and hemolysin are suggested 
by the observation that osmotic protectants prevent hemolyris fay M. 
bom$ but do not prevent lysis of corned epithelid cells. A modd for the 
interaction of CDF and cytotoxin in IBK is proposed in the Summary 
of this dissertation. 

Cytonhotomatrtc analysit of ncnronal RNA and protein 
In r^iUon to beta-amyloid protein In the blppocampal 
formation, basal fbrebrain, dngolate gyms, and visual 
cortex of pattentg with Alibehner*^ dlrase. Kan, Robert 
Kwai-Hong, Ph J>. He P^muirssaM Slots CMereOft 1098. S59pp. Ad- 
viser: Adam Anthony Order Nomher DA9901046 
The present study was designed to exandne Alshrimer's disease 
(AD) induced changes in totd ncurond RNA and protein content in 
rdation to fi-wa^oid protein, and the extent of neuroSbiillary tan- 
gles, neurittc plaque, fi^myXtnd plaque in the hippocampd formation, 
basd forcbratn, dngulate gyrus, and visud cortex. Brain regions were 
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Moraxella bovis hemolysin 



A. G. Ostle, PhD, and R, F. Rosenbusch, DVM, PhD 



SUMMARY 

Moraxella bovia hemolysin was 
readily filterable through polycar- 
bonate membrane filters, but not 
through nitrocellulose filters. The 
hemolysin was filterable through 
polycarbonate filters with pore di- 
ameters of ^ 0.015 M,m (APD). Of the 
hemolytic activity of cell-free fil- 
trates, 74% could be pelleted by ul- 
tracentrifugation at 100,000 x gTorj 
2^2 houra. Hemolytic activity could^ 
' W demo^ 

■ bu^er mem 

■ from" log-phase 'cultures; Hemolysin'" 
4nW' 6om bioth cultures "^^^ 
: majomum'^ in late log-^^ 
arithmiicf phase (4.5 hours after in^'" 
-bculatioh) ' w ^declined thereafter^' 
Hemolysin was inactivated by heat, 
trypsin, formalin, and lyophiliza- 

. tion. , . . 



Moraxella bouis is associated with 
the occurrence, of infectious bovine 
keratocoi\junctivitis (ibk), in associ- 
ation with Afycop/asma bouoculi or 
predisposing factors such as expo- 
sure to uv light.''^ Moraxella bovis 
produces a p-hemolysin that is ap- 
parent on bovine blood agar and is 
associated with pathogenicity in 
IBK.^*^ Despite the apparent impor- 
tance of Ae hemolysin in mK, the few 
studies^^ on the hemolysin itself are 
contradictory. 

Moraxella bovia hemolysin has 
been described as being filterable 
Uirough a 0.22-fim (apd) membrane 
filter and can be destroyed by heat, 
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formalin, or trypsin.^ Hemolysin 
production was associated with log- 
arithmic phase growth, reaching a 
maximum in late log phase, and de- 
clining thereafi^r. Moraxella bovis 
hemolysin was not filterable through 
a 0.45-iJim membrane filter and could 
not -be separated fi-om the bacterial 
cells by centrifugation.^ This hemol- 
ysin was also destroyed by heat, for- 
,,malin, and trypsin. Hemolysin is also 
activated by divalent cations such as 
calcium.?'' One jreport* indii^t^v tl^t 
.the^^hemolysitt waS; not I filt^ 
■,;^bughiL 'a ceramic filter/ ' 
^^'^ ..The ,pii^ 
Vas.toin^^^ 

: " celiuiar locatibh aiid staliiuty^ : f^^ 

Materials arid Methods 

Bacterial cultures — Moraxella bovis 
strain 118F, a field isolate firom cattle 
with IBK, was used/ The identity of the 
isolate was confirmed by fluorescent an- 
tibody reaction and biochemical testing.'* 
Moraxella bovis 118F is p-hemolytic, 
caseinase-positive, penicillin-resistant, 
and doxycycline-sensitive. Cultures were 
grown on 6% bovine blood agar plates," 
harvested into gram-negative wash so- * 
lution/ and held in 1-ml volumes at - 67^ 
C until use.' 

Tryptose-bovine serum albumin broth 
was used as a growth medium for bac- . 
terial cultures.** Moraxella bovis 118F (200 
ml) was grown in 500-ml Erlenmeyer 
flasks at 37 C with shaking.'' A 1.0% in- 
oculum of 24-hour old cells was used. 
Cultures were harvested at 4.5 hours after 
inoculation. 

Hemolysin assay— The hemolytic ac- 
tivity of Af bovis cultures and culture 
fractions was assayed by a modification 
of the method of Sandhu and White."* 



" Tt7pt08e blood agar base. DiFco Corp« Detroit. 
Mich. 

^ If^t. (w/v) Tryptose (Difco Corp, Detroit. Mich). 
O.S'Y w/v NaCl (Fisher Scientiric. PitteburRh. Pat 
O.S*^ bovine serum albumin (Sigma Chemical Corp, 
St Louis. Mo). 

' New Brunswick G-86 shaking waterbath at 175 
rpm. New Brunswick Scientific Inc. New Bruns- 
wick. NJ. 



Briefly, the diluent bufler was modifled 
by the addition of 0.01% sodium azide to 
retard bacterial respiration and growth 
during the assay. 'Diis concentration of 
sodium azide had no effect on the lysis 
of bovine rbc within 24 hours. 

A 1.0% washed bovine rbc suspension 
in isotonic saline solution + O.OIM CaCl, 
was used as a standard reagent. The he- 
molytic culture nitrate was diluted se- 
quentially from 1:2 to 1:1,024 in isotonic 
saline solution + OMM CaCl, and 0.02% 
sodium azide (1 /5 ml^ final volume) in 12- ; 
well plastic test plates. A l.Srml quan-^v 
tity of standard Wvihe R^^ 
was added: to. each well. A^^w^^ with 1 .5^^ 
■r ml of dUuent^n plaro of sample was used '" 
:i as a control. Plates were incubated for 3^ 
I hours- at 37 C.: The solutioin^was t^^^^ ret;^ 
moved; the ireipainihg rbc twereipeUeted j > 
.by, low-speed centnfu^ aiid\the op- ^ 
tical density of the soliitio'n was deter- 
mined at a wavelength' of 540 nm.** 
' Results were compared with a standards 
curve and the number of hemolytic units 
was determined.® 

Sample preparation — Moraxella bovis 
118F cultures were removed from a 
shaker at 4.5 hours, and the whole cul- 
ture, filtrates, and supernatant fluids 
were assayed for hemolysin content. 
. Filtration was performed by passing 
' the culture broth through polycarbonate 
membrane filters" (0.4, 0.2, 0.1, 0.08, 0.03, 
and 0.015 p^m), nitrocellulose membrane 
niters' (0.45 and 0.22 ^m), and ultrafil- 
tration acrilic copolymer membrane fil- 
ters" [300,000 molecular weight (mol wt) 
nominal cutofll. Filtration was per- 
formed with ambient atmosphere and 
with nitrogen gassing to reduce the par- 
tial pressure of oxygen. The filtrate was 
monitored for sterility. 

Low-speed centrifugation" to remove 
whole cells was performed on 5-ml quan- 
tities of culture broth at 2,000 x g for 
10 minutes. Whole-cell preparations were 
washed 3 times in phosphate-buffered 
saline solution (pbss, pH 7.4) and were 



^ Gilford 2400 spectrophotometer. Giirord Instru- 
ments Laboratory Inc. Obertin. Ohio. 

* Nucleopore Corp, Pleasanton. Calif. 

' Millipore Corp. Bedford. Mass. 

' Amioon Corp. Lexington. Mass. 
Genera] Laboratmy CentriAige. Ivan Sorvall Inc. 
Norwclk. Conn. 
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Tlmi (Houfi) 



-100 
0 



10 11 



Rg 1— Growth and hemotysin production by M bovis 118F. Cells were 
grown In tryptose-BSA broth at 37 C with shaking. • Cell growth; a ^ 
hemolysin activity In filtrates (0.4-nm polycarbonate filter). 

TABLE 1— Hernolytic activity of M bovis broth 

■ culture fractlona(\ , :;v . : . . : . -v:^' 




. ... Filtrate 

mi-Vlm Polycarbbnate ; . .(^00); ^^i 
, -l^v ; 7.050' '"-{i 
r Q.OlS-^Qi^Folycarbonate '(100)- ! 

. 0r45-|Lm^Cellulose'nitra 
0.22-tim Cellulose nitrate 
300.000 mol wt Ultrafilter 



Culture , ^Pillratc , 



-8,112 
(100) 
8.112 
(100) 
8.512 
(100) 



1,077*^ 

-..ii'l6:2)':'^;*-. 

^■^965 , 
,(13.8) 

:''^'^885'?'-iv 

:'!(i2:5);:-^-^- 
• 0 - ' 

(0) • 
^ 0 . 
(0) ' 



j r • . 2--Thesps:PAQE of Mated outer me^ 

■y'j: : ; ■ 2 - Purified outer nrombr^^^ 

Md :whole M^^^ 3 oeri; V rations were stoml ai 4 C ovrndstit aid ' 

trifugations at 5;0p0 x g foricrminutea / assayed^tbr hemolytic ]^v^ ^ ^ 

ajfld l at 12:000 fir fnr lR mm ■•'^ ' ' f\A4,',^ ti^^^4.^ ,^^ 



Hemolytic activity expressed as' heihoiyatn units/ 
l.B ml of sample. {% total activity for each treat- 
ment). 

- TABLE 2— Hemolytic activity of M bovis broth 



Treatment 


Culture 


Filtrate 


Super- 
natant 


Pellet 


Centrifugation 










2,000 X g 


6,666 


1,077 


270 


794 


10 min 




(100) 


(26) 


(74) 


Centrirugulion 








100.000 X g 


4,486 


1.112 


0 


622 


2.6 hr 


(100) 


(25) 


(0) 


(16) 


Outer membrane 










fragments* 


6,733 


993 


0 


769 




(100) 


(17) 


(0) 


(13) 



during cell growth.^ Outer membrane fragments are 
represented by the pellet fraction. 

Hemolytic activity expressed as hemolysin units/ 
1.6 ml of sample (ft of total activity for each treat- 
ment). 

suspended in 6 ml of pbss before use. 
High-speed centrifugation' was per- 
formed on 30-mi samples of culture broth 
filtered through 0.4-pin polycarbonate 
Glters. 'Riese samples were centrifuged 
at 100,000 X g for 2.5 hours at 4 C. 

Outer membrane fragments were iso- 
lated » Briefly. 20 g of M bovis 1 18F cells 

' L2-6SB ultracentiifuge, 60 Ti rotor. Beckman In- 
struments, St Louis, Ma 



^icand 1 at 12,000 x'jf fOT 16 Chiter 
^ membrane fragment^ in the supernatant 

fluid were pelleted by centrifugation at 

100,000 X g at 4 C for 3 houii The peU; 
: leted material was suspended: in 3 mlof 

trie buffer (pH 7.4) and was stored at ~ 67 

C until use. . , , . 

Hemolysin. 0/q6t/t/y— The effect of 
trypsin, formalih; and L-cysteine on he- 
molysin stability was tested/ Trypsin was 
added to culture filtrate (0.4-|im poly- 
carbonate) to a flnoi concentration of 
0.26%, and the solution was incubated 
at 37 C for 1 hour. Formalin was added 
to the culture filtrate to a final concen- 
tration of 0.1%, and the filtrate was in- 
cubated at 37 C for 15 minutes. L-Qysteine 
was added to the culture filtrate to a fi- 
nal concentration of O.OlAf and the fil- 
trate was incubated at 37 C for 30 
minutes. Nontreated filtrate was incu- 
bated at the same times and tempera- 
tures used previously and was used as a 
control. 

Various stabilizers and protease in- 
hibitors were added to culture filtrates 
to determine their ability to prevent loss 
of hemolysin activity. Trypsin soybean 
inhibitor,' 2 mg^ml; dithiothreotol, lO'^ilf; 
and diethylpyrocarbonate, 10~*3f were 
added to hemolysin-oontaining culture 
filtrates. Equal concentations of these 
agents were added to 1% washed bovine 

> Grand Island Bfological Corp, Grand bland. NY. 



Chdture fiiltetes wim 
dry ice-aoetone baths and held at -^67 C 
for 24 hours before to hemolysin assay. 
Quick-firozen filtrates were also lyopld- 
lized', hydrated in i^iotohic saline solu- 
tion, and assayed for hemolysin. 

To determine the effect of heat on he- 
molysin activity, culture filtrates were ^ 
held at 56 C for 1 hour and assayed for . 
hemolytic activity. Nontreatied filtrates - 
were used as a control. 

Orowih curves-~Moraxel!a bovis 118F 
was grown in 200 ml of tiyptooe/bovine 
serum albumin (bsa) broth at 37 C with 
shaking as previously described. A 1% 
inoculum of 24-hour-old cells grown in 
an identical manner was used. Samples 
were removed at 30- or 60-minute inter- 
vals (depending on the stage of growth), 
and the optical density of each sample 
was determined at a wavelength of 520 
nm." Samples were also diluted in gram- 
negative wash and plated on bovine blood 
agar. Viable cell counts were mad^ from 
these plates alter incubation at 37 C for 
24 hours. Samples were also assayed for 
hemolyBin a^vity in whole cell broth and 
culture filtrate from 0.4-|un polycaiiwn- 
ate filtera as previously described. 

Polyacrylamide gel electrophoresis 
(PAGBiSodknm dodeeyl sulfate (snsK 
PAGE analysis of released outer mem- 
brane fragments and of outer membrane 
fractions isolated from whole cells was 
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TABLE 3— Effect of stabilization and concentra- 
tion treatments on M tews hemolysin 




Hemolytic 




units* 


Treatment 


t X lO'l 


Calcium addition (O.Oltf 


10.1 


CaCla) 




Magnesium aodttton (0.01 At 


6.86 


MgCl)) 




l^utala* in OIUSil 

ITypSin XV.AOnOi 




Rrmnnlin lO 101) 


0 


t^ystine (0.01Af) 


4.3 


Trypsin soylnan inhibitor (2 


100.6 


mgmil) 




DiUothraotol UO 'Af ) 


9.96 


Diathylpyracarbonato 


9.40 






Quick Meeting 


0.12 


I^phllliatlon 


0.18 


No treatment^ 


6.66 



* Hemolytic unita/1.6-nil Mtmplo QfMbnvia lt8P 
cullUfH. * Culture nitrates prepared aa described 
previously and aiiayod fbr hemolysin activity with- 
out CoCIs In the homolyiln oss^ diluent. All other 
treatments, txeept magnoalum addition, used iiton- 
dard oasay bufl^r. 

performed on 10^ sua gols at 30 mA.** 
Cells were lysed with a French prose.' 
and the outer membrane fVactions wore, 
isoalted*** - 



Results I I 

, i Hemolysin was reaidil^^^ 
through^polycarlw^ 
^ APp (rf as ^iijv 
^ysinjwis; irwi^nitera^ 
;trimilulom^^^ 

itidse witfi\an APb^^f^O 45^^p;mV'He^^ 
mqlysin was also not filterable by ulr 
. trafiltratipn membranes with a 
retentivity of a 300,000 mbl wt (Ta- 
ble 1). : 

Hemolysin was present in washed 
whole cell preparatiohs suspended 
inPBSS. An average of 41.000 U of 
hemolyBin/l;6<ml sample of washed 
whole cell preparations was de- 
tected. 

Observed hemolysin activity in 
filtrates generally paralleled cell 
growth during logarithmic phase. 
Hemolysin activity declined rapidly 
with the onset of stationary phase (6 
to 6 hours after inoculation, Fig 1) 
Hemolysin activity in whole culture 
preparations (not filtered) peaked at 
the same growth time that hemo- 
lytic activity peaked in the filtrates. 

Culture filtrates centrifuged at 
100,000 X g for 2.6 hours had he- 
molytic activity in the pellet only. 
Hemolytic activity was also appar- 
ent in preparations of released mem- 
brane fragments, but not in the 
supernatant fluids (Table 2). 

^ Basic techniques and eierciaes in electrophor^ 
sis. Hoefer Scientific tnatruments. San Frandscp. 
Calif 

* American Instiument Co. Rockviile. Md. 



Preparations of outer membrane 
material and released outer mem- 
brane fragments had identical SDS- 
PAGE profiles, indicating that outer 
membrane fragments are released 
during growth (Fig 2). Outer mem- 
brane preparations isolated from 
whole cells had hemolytic activity 
(Table 2). 

Three migor exterior proteins were 
detected on sds-page preparations of 
outer membranes isolated from whole 
cells. These protein bands corre- 
spond to identical bands on sds-page 
preparations of released membrane 
fragments. 

Stability and activity of hemoly- 
sin — Additions of calcium or mag- 
nesium ions resulted, in increased 
hemolytic activity in culture fil- 
trates. Hemolytic activity was not 
observed aflor treatment with for- 
malin, trypsin, or heat. Stabilizers, 
' such as cysteine or dihydrothreotol, 
. did Tiot result: in retention of hemol . 
^ysin lectiyityrafter' flltt^ki^wer^^ 
V stored Cf ofvernight.^^^ S^^^ 
, protea^^^^^ ^ieJhYlpyrocar-^. 
vv bbnate or trypM^ 

1 ' did not prevent loss of hem^^ J 
tiyity aiter bvehiight storage^^bf t " 
' ftltrateHTable 3). iS:V v 

Effect of sodium azide qn hemglyr. , 
sm ossay—Sodium^^^^^ 
hemolysin assay buffer: resulted in 
hemolysin titers approximately one: 
half those noticed when spidium azide . . 
was not included. An increase -in . < 
bacterial numbers could be noticed,.:, 
on microscopic observation of assay 
wells at 4 hours of incubation when 
whole cell broth was assayed for he:, 
molysin activity without sodium 
azide in the diluent. Viable M bovis 
could also be recovered after 24-hpur 
incubation of these assay plates at 
37 C, but not when sodium azide was 
added to the diluent. Similar results 
were obtained when sodium azide was 
replaced with doxycycline. Viable M 
bovis cells could not be recovered after 
the assay was complete when doxy- 
clycline was added to the assay di- 
luent. Neither sodium azide nor 
doxyclycline lysed bovine RbC when 
added to diluent without hemolysin 
preparations. 

Discussion 

Moraxella bovis 118F produced a 
hemolysin in broth and solid media 



which had similar characteristics to 
hemolysins described previously.®*' 
lliese characteristics included inac- 
tivation by heat, formalin, and tryp- 
sin and activation by divalent cations 
such as magnesium and calcium. 

The hemolysin was filterable 
through polycarbonate filters, but not 
through nitrocellulose filters. This is 
in contrast to the data of Nakazawa 
and Nemoto,^ who indicated that the 
hemolysin was not separable finom the 
cell body. However, these research 
workers used nitrocellulose filters, 
through which hemolysin is not 
readily filtered. A hemolysin from M 
bovis was filterable through nitro- 
cellulose filters at up to approxi- 
mately B0% efficiency." We have been 
unable to demonstrate hemolysin 
activity in filtrates passed through 
nitrocellulose filters. The hemolytic 
activity that could be detected in 
broths passed through a polycarbon- 
ate filter was oiily about 16% of that 
present in the initial cultiiire: ' f 

, ,,,Hem6)yjsiri -was- pi^^ 

t h e ^ ^Ibg^ 'phase^'i^of ^ eel It, 

; ^b\I^Hl ''/H^^ hembiy^^^^ -ac^-, 

: tivity. declined ';^u^ 

''phase.^^.T^ 

reiwil^ by Nakas^Avsi ahd Ne^^ 
whb were able' to maintain henbly- 
sin ^concentrations in their .cultures 
fforl2p hbursl Because Nakazawa and , 
Nemoto*^ were unable to produce cui; ; 
ture filtrates with marked hemolytic \' 
activity, their hemolysin, titers are 
based on tests of whole, viable cells 
jry^^ 1% RBC at 37 C. This pro- 

cedure might well result in further 
growth of the organism and/or he- 
molysin production. For this reason, 
. sodium azide was added to the he- 
molysin assay diluent in our exper- 
iments, and a lower hemolysin 
activity was noticed after 4 hours of 
incubation in diluent wiUi azide than 
in diluent without azide. Viable cells 
could also be recovered from hemol- 
ysin assay wells, using whole cell 
brath, when azide was not included 
in the diluent, but not when azide 
was present. Similar results were 
obtained when sodium azide was re- 
placed by doxycycline. For this rea- 
son, it is likely that additional 
hemolysin is produced during the as- 
say of viable cells unless steps are 
taken to limit such an occurrence. 

Seemingly, the hemolytic activity 
of Af bovis is filterable (under appro- 
priate conditions) and capable of 
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being pelleted by high speed centri- 
fugation. Hemolysin may be mem- 
brane-assodated and may be present 
on membrane blebs or vesicles. The 
possibility of a membrane vesicle-as- 
sociated hemolysin is supported by 
the presence of hemolytic activity in 
isolated membrane bleb fractions 
from broth cultures and on outer 
membrane fractions isolated from 
mechanically broken cells. 

The presence of such enzymes on 
membrane blebs occurs on several 
occasions for toxins derived from the 
envelopes of various gram-negative 
bacteria.*' These envelope-associ- 
ated toxins occur in culture filtrates 
as a result of cell growth; not cell 
lysis. This is consistant with the re-, 
lease of filterable hemolysin , in Af .. 
bovis during logarithmic-phase : 
growth and not during stationary 
phase. A membrane bleb location for 
the hemolysin of M bovis may be in^ 
dicated because membrane fractions 
fr^m young logarithmic-phase cul-, 

;]^tjures y^^^ isolai^d that match' the 
sds-pageI^P^^^ 

plated i)x Aechanicar 

ywhole^c^^^^ 

^poi^ 

V'ls %^d^tinU^^^ {iifSt" 
all or most of their hemolytic acti v- 
' i^ when:quick fr(^ 
'^held ^oyemight^a 4"C/ Stabilizers or 
; protease:inhibitdre^^i^^ this study 



were not able to cause a retention of 
hemolysin activity. When the poor 
stability of the hemolysin is consid- 
ered together with the loss of he- 
molytic activity observed during 
stationary pha^ in broth culture, it 
is possible that antisera produced 
against 24-hour old cultures may not 
be optimal in terms of antihemolytic 
activity. Inoculation of animals with 
Af bovis is performed frequently with 
stationary-phase cultures or cul- 
tures in which the precise stage of 
growth was not known.*'^** If antih- 
emolytic activity is a desired attrib- 
ute of immunization programs with 
M bovis bacterins, use of late log- 
phase cultures would be preferable. 
.Because hemolysin seems to be as- 
sociated with the production of ker- 
atitis by iif bovis, an antihemolytic 
factor may prove to be important in 
the protection of cattle against ibk. 
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Production and Characterization of MoraxeUa bovis Hemolysin 

T. S. Sandhu. BVSc&AH, PhD, and F. H. White, PhD 



SUMMARY 

MoraxeUa bovis hemolysin was 
produced in trypiicase soy broth 
and maximum hemolytic activity of 
the culture was observed during the 
logarithmic phase of growth. The 
hemolysin was filterable through a 
0.22-/an (apd) membrane filter, 
.heat labile, and destroyed by treat- 
i-;:.: ment with formalin or trypsin. 
There was no difference in the 
amount of hemolysin production by 
rough or smooth colony^, types of an 
,'^7' isolate, althqugli differences wisre'V 
vobsM ;^iffei^nt iso-v « 

^>tlates;^,Pa^ 
■ : Wr%dryl ; grou divaleni^cati 
• vrefe^ s^ sm^j^eii^^ 
nature of M^feptis 

'ij. ^^^^ , .'y ' ' . " -\ ' s"^";iv' ■ .-1 . ■ *, " , ^ ' ^ 



Although Moraxella &6i;w is con- 
sidered to be the etiologic agent' of 
infectious bovine keratoconjuncti- 
vitis,^^ a ti^g mechanism by which 
this organism produces disease is 
not understood. Some investigators 
have suggested the involvement of 
potent toxins which are elaborated 
during growth.**® "-* 

Beta hemolysis produced by M 
bovis cultures on blood agar plates 
was observed long before the hemo- 
lytic activity was demonstrated in 
embryonating chicken egg cul- 
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tures.*® The hemolysin was re- 
ported to be heat labile and in- 
separable from viable bacterial cells, 
and loss of hemolytic activity was 
observed by treatment with forma- 
lin or filtration through a Seitz EK 
pad.5 

The purpose iri the present inves- 
tigation was to study and character- 
ize M bovis hemolysin., 

Materials and Methods 

isolates— Tv/o isolates (both rough 
and smooth colony morphotypes) of., 
M ' bovis^ IBH 68-712L*' and FLA-264; 
were^used for tte; study of hemoly sin i : 
-'prodiicU ^ / , *• ' ' ■* /"l;^ 

'^hemolysm-^^ 

^ai^ioi^^ I 
^^pensipn* In splution:; c^^ . 

.^Ol^^A^^Catels/^l^ niade by 

u prepanng twofold ''d hemoly- " 

sin ranging frbni 1:2 to 1:1,024. An 
equal amount of 'erythrocyte susp^- :i 
: sion was'adde^^ ml of ^ch dilii; • 
tion; ; The tubes were incubated for 4 
hours at 37 C followed by 12 to 18 
hoursJat.4G. After centrifugation at 
. 1,500 X g to -remove remaining eryth- ^ 
rocytes, the optical density (od) of 
the supernatant fluid of each dilution 
was recorded at 540 nm on a spectro- 
photometer/ 

To standardize the assay procedure, 
100%. 76%, 50%, 25%, and 1^5% 
hemolysis of a 1% erythrocyte suspen- 
sion was produced with distilled water, 
keeping the total volume at 4 ml in all 
cases. These tubes were incubated and 
their optical densities were recorded in 
the same manner as in the experimen- 
tal trials. A standard curve was con- 
structed from an average of 10 di£Fer- 
ent triak by plotting percentage he- 
molysis against od readings. One he- 
molytic unit was defined as that 
amount of hemolysin which would lyse 
1% of the erythrocytes in a standard 
suspension. The units in a particular 
sample were calculated by multiplying 
the reciprocal of hemolysin dilution by 



^Obtained rrom Dra. D. E. Hughce and G. W. 
Pugh. Jr.. Natkmal Animal Disease Center, 
Aims, U. 

* Spectnmic 20, Bauacfa & Lomb. Inc. Analytical 
Systems, Ophthalmic Division, Scteatific Optical 
Pioducts Dhrision, Rochester, MY. 



the hemolytic units obtained from the 
standard curve on the basis of the oo 
of that dilution. 

Growth and Production of Hemoly- 
Sin— The inoculum was prepared by 
selecting pure rough or smooth colo- 
nies from blood agar plates and inocu^ 
lating 10 ml of trypticase soy broth/ 
The tubes were incubated at 37 C for 
4B hours after which they were kept at 
4C. Before inoculation, the culture r 
was shaken, and 2 ml was used to 
inoculate 100 ml of broth in a nephelo- 
meler flask. Duplicate flasks were used 
for each type. An uninoculated flask, ^ 
served as control; All flasks V were Jn- r; , 
cubated on , a - gyrotory . incubator 
shaker';atvl40 rpiir at 37 C; > ^, 

, XAfter the ;5Kra>eadingi W 

^at 525 nm.we^^ 

^he^rowth cur>^;|ai^ 

ini wM -i^i! 

[ mVlwrtioh %as used 
•sin in whole culture; an^ thie reniain-^S 
der was filtered^: through ^^a V sterile 3'^ 
0,22-fsm (apd) . filter/ Heavy cultures 
were centrifuged/at 3,000 ^ x ^fe tb^^ re- 
move most of the^ cells^prior;:fc 
tion. Hemolyisiri. assay was nin on 1,5 .^^^^ 
inl of . the filtered , cuUuie medi ■ 

Cell-free culture filtrate was^ i^^ 
all further' experiments.^ since - there' " 
was complete loss of hemolytic activity 
when routuie procedures for- cohoentra- ^ 
tion and purification (ammonium sul- 
fate precipitation; acid predpitation, 
or cold methanol precipitation) were 
used. 

Hemolytic Activity of M bovis 
Hemolysin on Erythrocytes of Various 
Species of Animals— The activity of 
M bovis hemolysin was determined on 
erythrocytes from the cow, rabbit, 
horse, and man, in addition to eiyth- 
ropytes from sheep. 

Effects of Calcium and Magnesium 
Ions on Hemolytic AcHvity—T^as 
was determined by addition of 0.01 M 
CaCh or MgCI. to physiologic saline 
solution for dilution of hemoli^in and 
for suspension of sheep erythro^tes. 

Effects of Trypsin, Heat, and For- 
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and Cbmpany. GOckeysvaie, Md. 
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maUn Treatment on Hemolysin — A 
2% solution (w/v) of toypsin 1:250/ 
prepared in phosphate-buffered saline 
solution (pH 7.6} » was added to he- 
molysin to give a final trypsin oonoen- 
tration of 0.25%. The misture was 
incubated in a water bath at 38 C. 
Samples were taken at 0, 16, S0» and 
GO minutes and assayed for hemolytic 
activity. Hemolysin, diluted in the 
same manner but without tcsfpsin 
treatment, was included as a control. 

To determine the effect of heat, the 
h^olysin was subjected to 56C for 
1 hour in a water bath, while the effect 
of formalin treatm^t was determined 
the addition of formol to obtain a 
final concentration of 1% (v/v) and 
allowing the mixture to stuid at 4 C 
for 1 hour. . . 

Effect of lodoaceiic Acid and Cys- 
teine on Hemolytic Activity—To dem- ^ 
onstrate if the activity of M bovis he- 
molysin was dependent on — SH 
groups, as in the case of some enzymes, „ 
' the effects of ibdoacetic acid and . cys^ 
teine were detennined. Bacterial cul^ 
^ture wa^ oentrifuged at 13,820 ><^ g for ' 
' 2,ho]urs to rmoye ;the cells, sihpe filtra- 
. tion'^ resuli»3' iii^'^ |qf ;heni0r ^ 

'?iljMtici/adtivi^ '\ 
i^f hemoiys^ in^the '^resen^ ex-f" 
^ I)eHmeiti wais^ otK^^' 
"ere ' due/^^tbtij^^ ire^ii^: E^Ujal. 
^ambim 0102 .itf' ibdoacetic add and ^ 
supernatant culture fluid were mixed 
and left' at robmM; temperature for 30 ' 
^^rninutes;- after ' w^^ cultiire was 
'^^assayed ^for hemolytic activity. The 
solution of cysteine hydrochloride was 
prepared similarly, except that it was 
brought to a neutral pH before use, 
and it was allowed to react with he- 
molysin for 10 minutes before assay- 
ing, lodoaoetic acid and cysteine solu- 
tion controls were included in thic 
experiment. 

Resulh 

•A 

Activity of Hemolysin — ^Hemo- 
lytic activity of rough and smooth 
morphotypes of M bovis isolate 
FLA.264 is shown <Fig 1). Filter- 
able hemolysin paralleled that of 
hmolysin in whole culture, with 
peak activity at 10 to 12 hours 
after inoculation. Irrespective of 
colony type of the isolate, hemolytic 
activity was observed in the log- 
arithmic phase of growth. Isolate 
IBH68-712L hemolysin followed a 
sinnlar kinetic pattern. Although 
tiiere was no difference in llie hemo- 
lytic activities of rough and smooth 
nmphotypes of isolates, significant 
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Fig 3— Effect of 0.25% trypsin on M 
bovis hemolysin. • — trypsin treated; 
O — 0» no treatment (control). 



TABLE l-^jsmolytic Activity of Mcraxelta 
bovis Hemolysin on ihe Erythrjcytos of 
Various Species of Animals 



Fig 1 —-Hemolysin production by Moraxella 
bovis isolate^ FLA-264;- X- rough -imorpho- .-?-^ 
type; B, smooth morphotype,,. Cells were.^^, 
groyrn In. ^ tryptlc^se . soy . broth, and; hemol- . 
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s' fpf "Calcium ' and^ ; Mjag-"^ 
tliB^^Activity . of \ A4> boWs: 


^TABUE.j2i^ff^^ 
'^n«iumj^;lpn^^ "bn*^ 
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• Hemolytic activity . 
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^ None' 

Ca>^ (0:01 M CaClt) 
\ Mg»t (0.01 M MgCW 


- ' 96.'..' ■ 
183 
106 • 


TABLE 3 — Effects of lodoacetic Acid and 
Cysteine on the Hemolytic Activity of M 
bovis Hemolysin 


Htmolytiosetivlty (an) 
after tzMtment with-* 


Souteeol 
hemdlyttn 


lodo- 

•eatie Noo* 

add Cystolne (cmtiol) 


FLA-264-rouffh 
FLA-264-smooth 


470 390 900 
340 235 900 



«tXfa» hUm M m, Mratt, BO. 



Fig 2 — Hemolysin production of M bovis 
isolate tBH68-712L; A. rough motphotype; 
B, smooth morphotype. Cells were grown 
in trypticase soy broth, and hemolysin was 
assayed against sheep erythrocytes. • — 
cell growth; 0~0i hemolysin in wliole 
culture; A — A. filterable hemolysin. 

quantitative differences were ob- 
served in the hemolytic activity of 
2 different isolates, FLA-264 and 
IBH68.712L (Fig 1 and 2). 

Hemolytic Activity of Erythro- 
cytes of Varioua Species of An- 
imab—MortmOa bovis hemolysin 



lysed erythrocytes from rabbit, 
sheep, cow, horse, and human blood 
(Table 1). Rabbit erythrocytes 
were most susceptible, with sheep, 
cow, and horse erythrocytes in order 
of decreasing susceptibility; eryth- 
rocytes from man were least suscep- 
tible. 

Effects of Calcium and Magne- 
slum Ions on Hemolytic Activity— 
The addition of calcium or mag- 
nesium ions enhanced the activity 
of M bovis hemolysin (Td>le 2). 
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While in the presence of Mg-*, there 
was a slight increase in the hemo- 
lytic activity, it abnost doubled 
after addition of Ca^*. 

Effects of Trypsin, Heat, and 
Formalin Treatment on Hemolytic 
Activity— The treatment of M bovis 
hemolysin with 0.26% trypsin re- 
sulted in loss of 85% of hemolytic 
activity in 15 minutes (Fig 3). 
Some loss of activity was also ob- 
served by incubation of hemolysin 
without trypsin at 38 C. When 
treated with formalin or heat at 56 
C for 1 hour, hemolytic activity was 
lost. 

Effects of lodoacetic Acid and 
Cysteine on Hemolytic Activity- 
There was partial inactivation of 
the hemolysin by treatment with 
iodoacetic acid (Table 3). One 
sample lost 48%, whereas the other 
sample lost' 65 of ^H^^^ ac- ; 

. tmty; ■ Cysteine iireatmi^ 

..result in>reaC^ 

.Jactiyity r ,:pfc^ ^S^^fcoi^/s ^?heiho 
Swhich had b^n^bst^ 
iSiilitate^ iWcipjtStidhi'H y 
^ heiriialytii^^^itc^^ : ciilfiiri^ • ; 

;sui)eTO 

cysteine tteatmehtr^^^^^^ * 



;6i$cussipn, 

^Results ;of> the present investiga- 
tion showed that M bovis produced 
hemolysin -^^^in^ Artificial medium 
{ try pt icase soy. jbiroth ) . Al thou gh 
Af . bobis / hemolysin was demon- 
strated in embryonating chicken 
egg cultures,'^ the hemolytic activ- 
ity was lost when cultures were 
filtered through a Seitz EK pad. 
The present study showed that the 
hemolysin in culture could be 
filtered through a 0.22-;im mem- 
brane filter, but with some decrease 
in activity. 

The parallel correlation of hemo- 



lysin activity of whole culture and 
that of culture filtrate indicated 
that probably there was only 1 
type of hemolysin produced by M 
bovis. The hemolysin molecules 
were perhaps closely associated with 
the cell surface before their release 
into the culture medium. The 
hemolysin was produced during the 
logarithmic phase of the growth 
cycle with its peak in the last half 
of the logarithmic phase. There 
was no difference in the amount of 
hemolytic activity produced by 
rough or smooth types of an iso- 
late, although marked differences 
were observed between both types 
of 2 different isolates. Since it was 
reported that nonhemolytic Af 
bovis isolates did not produce char- 
acteristic lesions in the eyes of 
cattle,*" hemolysin production may 
be ati important factor in differences^ 
of virulence aniong various isolates 
' BibloSgically, ^bovis!^ heniblysih 
may ^ bi&: protein/^ance^t;^ 
labileoiiind "cpuid be ?d^s'trbiredV:by^^^^ 

: prpfeolytic enzyme.^; tt^^i^^ 

: ment H ^^^^^^^^^y^^^ 

N cium or im l^nsl^lpng??^ 

-ithe^sigmoid pattern pf:Mniw^ 
tained when hemolysin^^was plotted 
as a function of concentration, in- 
diciated the enai jnrriatic^^ natu^^ ftf > 
6oyifi::hemolysiri;^ V f : f% 

Partial loss in hemolytic activity 
by iodoacietic acid treatnierit demon- . 
strated that the sulfhyclryl group: 
was partially required for hemoly tic ' 
activity, as reported for Listeria 
monocytogenes,' but lack of activa- 
tion by cysteine treatment was not 
clear. The explanation given by 
Fruton and Bergman/ that the re- 
ducing agents acted as coenzymes 
and formed a dissociable complex 
with only particular enzymes, may 
be a possibility. Another factor 
which may have caused instability 



1 



of M bovis hemolysin in culture or 
cell-free filtrate was the production 
of extracellular proteolytic en- 

Z3rmes.- 

Moraxella bovis hemolysin was 
very labile to routine procedures 
of concentration and purification. 
Studies in this direction are needed 
to relate hemolytic activity to 
pathogenicity of this organism. 
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